Partial discharge (PD) is an abnormal activity that occurs in high-voltage components, such as power cables, 3 switchgear, machines, and power transformers. Such activity needs to be diagnosed for the equipment to last longer as 4 PD could harm the insulation and potentially lead to asset destruction from time to time. Moving one or more externally 5 mounted acoustic sensors at different locations on the transformer tank is commonly used in order to detect and locate 6 the PD signal occurs in the power transformer. However, this procedure may lead to less accuracy in PD identification. 7 Therefore, this research paper presents an analysis of acoustic sensor placement based on time of arrival (TOA) technique 8 for PD location in a power transformer. The detection and location can be determined by permanently installing the 9 acoustic sensor to provide valuable data in an early stage of occurrence for on-line condition PD monitoring. Several 10 methods were available for the detection of PD signal, whereby one of the best choices was via acoustic emission (AE).
spectrum can appear to be similar from PD. These noises caused by transient noise such as radio broadcast, 1 rain, snow, blowing sand or any other environment noise can affect the PD signal detection. Thus, there are 2 methods in denoising technique for partial discharge signal in order to supressed the background noise [23, 24] . 3 Although the kind of signals is disturbing the system, AE method is the best method for localization of PD 4 source and for online measurement compared to electrical and chemical method. 5 In order to estimate the PD location, an algorithm is used for detection and allocation of the source by 6 using TOA technique. A simulated of PD signals is generated in MATLAB to represent a wave propagation of 7 the sound in oil. 8 2. Simulated Partial Discharge Signal 9 PD signal in this paper was simulated by using a mathematical model in Equation 2 [2, 25, 26] . 
Where, A is the magnitude coefficient assumed to be 0.01 , a 1 = 1 × 10 6 s −1 , a 2 = 1 × 10 7 s −1 , The PD source was assumed to be occurring in the transformer tank by using the coordinate (x act , y act , z act ) . and the active part in the transformer. Note that the value of coordination is in meter.
3
The placement is shown in detail in Figure 2 . The figure showed Case 1 and Case 5 to randomly place 4 all four sensors on the transformer tank. However, the sensor for Case 2 was placed on the same plane-y, while 5 two sensors from Case 3 were placed on the same plane and the remaining two sensors were placed on different 6 widths. Case 4 was placed on the same height for all four sensors. shows the signal that arrived at the sensors for Case 1 of PD 1 as shown in Figure 3a , case 1 of PD2 as shown 10 in Figure 3b and case 1 of PD3 as shown in Figure 3c sensor . Table 1 . This section analyzed the allocation of PD source based on the TOA technique. The positioning algorithm was 2 based on the distance between the sensor and the PD source, whereby the localization is an over-determined 3 system where the number of unknown was less than the number of the measured ranges. It consisted of more 4 than three known reference nodes and one target node.
5
The position of the target node is known as the intersection of all spheres, of which the coordinates of 6 the reference nodes were the centers of the respective sphere and the target node. A minimum of four sensors 7 were needed, thus requiring four equations to locate the PD source. The position of the target node is the PD 8 source coordinate. The line can be described as in Equations 4-7.
Where T 1 , T 2 , T 3 and T 4 are the propagation time, (x calc , y calc , z calc ) is the calculated PD source, 13 (x si , y si , z si ) when i = 1, 2, 3 and 4 is the position of sensors. The goal of the location estimation is to 14 find out the closest distance from the actual PD source (x act , y act , z act ) . commonly method in solving a linear system which are Least square method (LSM) and gauss-jordan elimination method (GJE) [9, 11] . Both methods are the non-iterative algorithm for PD localization. However, the accuracy 1 of the estimation may be affected by noise and multipath propagation and routes for the PD signal. 
The solution for t is mention in eqn. 9
Meanwhile, the A and b can be obtained from Eqn. 10 and eqn. 11
Gauss-Jordan Elimation (GJE)
9 GJE is a method of solving a linear system of equations. This is done by transforming the system's augmented 
Where S i is the acoustic sensor, R = x 2 calc + y 2 calc + z 2 calc and S i is the norm of sensor coordination 13 where S i = x 2 i + y 2 i + z 2 i . However, with this method, there are three possibilities for the solution. No 14 solution means the system is inconsistent, a unique or one solution and infinitely many solutions.
15
Equation 12 wil result in matrix form 4x4 as Equation 13
the augmented matrix for the Equation 13 as mention in Equation 14. This augmented matrix need to 1 do row operation until the right side of the matrix become an identity matrix for the estimation of PD source 2 value (x calc , y calc , z calc ).
Disscussion

4
PD localization should be utilized using a specific coordination for PD origin and sensor arrangement. From 5 Table 1 the AE signal is captured by the AE sensor from the electrical PD signal, but for some sensor 6 arrangements illustrated in Figure 3 their localization would not be possible. The possible arrangement for 7 case 1 is as in Figure 3a , while case 5 as in Figure ? ?. However, in case 2 as in Figure 3b , case 3 as in Figure   8 3c and case 4 as in Figure ? ?, the arrangement would not possible.
9 Table 2 shows that the calculated value for the PD source and its error percentage from the original 10 source using both different equations and the least square method. The distance error (DE) for the estimated 11 location is framed as Equation 15 [9] .
The above values were strongly approved by using the GJE method, whereby only Case 1 and Case 5 3 showed the exact value of x, y and z. In this instance, Case 1 and Case 5 showed the unique solution for 4 both methods. The coordinates of PD can be taken directly from the solution, while in other cases, there are 5 infinitely many solutions, requiring another one or more sensors to be mounted in order to compare the distance 6 between this coordinate and the solutions. For this case, five sensors or more need to be installed for the system 7 to have a unique solution for PD origin. However, with more than four sensor mounted for PD detection will 8 lead to unsynchronization of the signal whereas lead to inaccuracy of the PD source estimation.
9
From Table 2 , there are unknown values of x, y or z in PD2 for Case 3 and PD3 for Case 2, and PD1 10 for Case 3 and Case 4 accordingly. For these cases, the value of the exact coordinate was undefined by using 11 GJE, which was the same case as infinitely many solutions. Another solution that was no solution was probably 12 because of the range estimation error. Therefore, the system could not define the exact estimation of ranges 13 between the PD and the sensor. These uncertain values are because the LSM and GJE method have some 14 limitation because of the inverse matrix from LSM method and also the row reduction from the GJE method 15 that lead to non-identity matrix.
16
Furthermore, Case 1 and Case 5 showed DE that were much lower than that of the other cases for PD1,
17
PD2, and PD3. However, for Case 1 and Case 5, it was strongly agreed via LSM and GJE that the sensor 18 arrangement for Case 5 to be the most possible placement for the sensor detector in order to capture PD signal 19 accurately. The difference in DE using LSM is shown in Figure 4 and for GJE is shown in Figure 5 . 
